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(57) ABSTRACT 

A method for controlling the power transmission levels in a 
spread spectrum or CDMA cellular system is disclosed, in 
which the decision to increase or decrease the transmission 
power level of a mobile station or base station, and the 
amount of any such increase or decrease made, is based on 
the weighted combination of a plurality of factors that 
indicate existing channel conditions. For example, the 
weight can be set according to the reliability of each channel 
condition factor involved. 

23 Claims, 4 Drawing Sheets 
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POWER CONTROL IN A CDMA MOBILE 
COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

The present invention relates in general to the mobile 
communications field and, in particular, to a method for 
controlling transmission power levels in a spread spectrum 
or Code Division Multiple Access (CDMA) cellular com- 10 
munications system. 

2. Description of Related Art 

In wideband spread spectrum cellular communications 
systems (often referred to as Wideband-CDMA or 
W-CDMA systems), power control symbols are transmitted 15 
on a regular basis in order to compensate for the effects of 
changing conditions that influence the channel, such as 
fading and shadowing. For example, a serving base station 
can transmit a power control command, which signals a 
served mobile station to increase or decrease its transmission 20 
power level. The mobile station then decides whether to 
increase or decrease its transmission power level in response 
to the power control command received. 

However, for a mobile station operating in a soft handoff 
(SOHO) mode, it commences communications with a new 25 
base station before terminating communications with the old 
base station. Consequently, the mobile station's transmis- 
sion power level decisions have to be made based on the 
power control commands received from the two (or more) 
base stations that are serving the mobile station during the 30 
SOHO operation. Similarly, on the downlink, each base 
station can decide what transmission power level is needed 
for each served mobile station, based on the power control 
messages received from the served mobile stations. With this 
approach, the effects of changes to the channel conditions 35 
can be minimized. 

When a mobile station is operating in a non-SOHO mode, 
the mobile station's decision about whether to increase or 
decrease its transmission power level can be based on the ^ 
direction provided by the power control bit or symbol 
received from its serving base station. As such, as specified 
in the technical standards involved (e.g., the ARIB standards 
for Wideband-CDMA, and the IS-95 Standard: ANSI 
J-STD-008, pp. 2-137), the amount that the mobile station 45 
is directed to increase or decrease its transmission power 
level is a constant value. 

A similar power control approach is taken on the down- 
link for base stations operating in a non-SOHO mode. A 
serving base station's decision about whether to increase or 50 
decrease its transmission power level is a hard decision, 
which is based directly on the detected power control bit or 
symbol transmitted from a specific served mobile station. 
However, in the proposed ETS1 standard (for Europe), the 
amount that the serving base station will increase or 55 
decrease its transmission power level is variable, but not on 
a slot level. In other words, the network can select an 
"amount" for the base station to use, but once that amount 
is selected, it remains constant until the next change (e.g., 
triggered from a higher protocol level). ^ 

On the other hand, when a mobile station is operating in 
a SOHO mode, the decision about whether to increase or 
decrease its transmission power level is based on the power 
control bits or symbols received from the two (or more) base 
stations involved in the SOHO procedure. In accordance 65 
with the IS-95 standard, the mobile station will increase its 
transmission power level only when all of the base stations 
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involved in the SOHO procedure convey a power increase 
command. However, if just one of those base stations 
transmits a power decrease command during a SOHO 
procedure, the mobile station is required to decrease its 
transmission power level. In any event, the mobile station's 
transmission power level is increased or decreased by a 
constant value. 

Also, for W-CDMA systems, each base station involved 
with a mobile station in a SOHO procedure independently 
receives a power control bit or symbol from that mobile 
station. Therefore, each sucb base station can decide inde- 
pendently from the other base station(s) whether to increase 
or decrease its transmission power level for the mobile 
station involved, based on the power control bit or symbol 
received (and detected) from that mobile station. 

A significant problem encountered when a base station or 
mobile station has to make a power control decision in a 
spread spectrum or CDMA cellular system is that it requires 
the base station or mobile station to make a so-called "hard" 
decision (i.e., evokes a precise response) based solely on the 
proper detection of a received power control bit or symbol. 
However, it is always possible that a received power control 
bit or symbol will be erroneously detected. Consequently, 
the existing power control approaches that require such a 
hard decision (based solely on the proper detection of a 
power control symbol) are not optimal approaches. 

Furthermore, when operating in a SOHO mode, a hard 
decision by a mobile station to increase its transmission 
power level in response to power increase commands from 
all base stations involved in the SOHO procedure is also not 
an optimal decision, because the probability that at least one 
power control symbol has not been received or has been 
erroneously detected increases with the number of base 
stations involved. Nevertheless, as described in detail below, 
the present invention successfully resolves the above- 
described problems. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method for 
controlling the power transmission levels in a spread spec- 
trum or CDMA cellular system is provided whereby the 
decision made to increase or decrease the transmission 
power level of a mobile station or base station, and the 
amount of any such increase or decrease made, is based on 
the weighted combination of a plurality of factors that 
indicate existing channel conditions. In a preferred embodi- 
ment of the present invention, the weight is set according to 
the reliability of each channel condition factor involved in 
making the power control decision. 

An important technical advantage of the present invention 
is that an optimal power control decision can be made by a 
base station or mobile station in a spread spectrum or CDMA 
system based on all channel condition information available. 

Another important technical advantage of the present 
invention is that it provides a better solution for existing 
power control problems in SOHO situations than provided 
by conventional approaches. 

Still another important technical advantage of the present 
invention is that it provides a more efficient method for 
setting system power control parameters in spread spectrum 
or CDMA systems. 

Yet another important technical advantage of the present 
invention is that it optimizes the utilization of available radio 
resources in a spread spectrum or CDMA system, such as 
transmission power, system capacity, etc. 

Still another important technical advantage of the present 
invention is that it provides an optimal method for making 
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power control decisions in a spread spectrum or CDMA 
system, which gives due consideration to such factors as 
perceived channel conditions and power control statistics. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

A more complete understanding of the method and appa- 
ratus of the present invention may be had by reference to the 
following detailed description when taken in conjunction 
with the accompanying drawings wherein: 

FIG. 1 is a simplified diagram of a section of an exem- 10 
plary spread spectrum or CDMA cellular system, which can 
be used to implement the present invention; 

FIG. 2 is a Sow diagram of an exemplary method that can 
be used by a mobile station in a spread spectrum or CDMA 
communications system to implement the preferred embodi- 15 
mcnt of the present invention; 

FIG. 3 is a schematic diagram of exemplary logic that can 
be used to implement the decision algorithm shown in FIG. 
2 in a mobile station, in accordance with the preferred 
embodiment of the present invention; and 

FIG. 4 is a schematic diagram of exemplary logic that can 
be used to illustrate bow the decision algorithm shown in 
FIG. 2 can be implemented, in accordance with a second 
embodiment of the present invention. ^ 

DETAILED DESCRIPTION OF THE DRAWINGS 

The preferred embodiment of the present invention and its 
advantages are best understood by referring to FIGS. 1-4 of 
the drawings, like numerals being used for like and corre- 3Q 
spending parts of the various drawings. 

Essentially, in accordance with the present invention, a 
method for controlling power transmission levels in a spread 
spectrum or CDMA cellular system is provided whereby the 
decision to increase or decrease the transmission power level 35 
of a mobile station or base station, and the amount of any 
such increase or decrease made, is based on the weighted 
combination of a plurality of factors that indicate existing 
channel conditions or value of previous power control 
commands. In a preferred embodiment of the invention, the 40 
weight is set according to the reliability of each channel 
condition factor involved. 

Specifically, FIG. 1 is a simplified diagram of a section of 
an exemplary spread spectrum or CDMA cellular system 10, 
which can be used to implement the present invention. 45 
Notably, however, although the exemplary cellular system 
10 shown in FIG. 1 is described in the context of a spread 
spectrum system operating in accordance with the IS-95 
standards, the invention is not intended to be so limited. For 
example, the present concept of making a power control 50 
decision based on a weighted combination of existing chan- 
nel condition factors can be applied to any appropriate type 
of mobile communications system where base station and/or 
mobile station power control decisions should be optimized 
(e.g., W-CDMA system, etc.). 55 

The exemplary system 10 includes a plurality of base 
stations (e.g., 12 and 14) and mobile stations (e.g., 16). In 
this embodiment, each base station (12, 14) defines a cell, 
but it can also define a sector within a cell. In a different type 
of cellular system, these transmitter/receiver base stations 60 
may be referred to, for example, as fixed transceivers or base 
transceiver stations. Also, the mobile stations may be alter- 
natively referred to as mobile terminals and can include, for 
example, the class of portable transceiver units (e.g., hand- 
held or vehicle-installed radiotelephones). 65 

In accordance with the preferred embodiment of the 
present invention, the base stations (e.g., 12, 14) and mobile 
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stations (e.g., 16) each periodically transmit a power control 
symbol on a forward or reverse trafBc channel, respectively. 
Each power control symbol is intended to signal the receiv- 
ing unit (e.g., mobile station on the forward traffic channel, 
and base station on the reverse traffic channel) to increase or 
decrease its transmission power level As such, at the 
receiving side, this detected power control symbol can be 
used as one factor out of a plurality of factors which indicate 
the traffic channel conditions existing at that time. 

A number of other factors that can be measured, calcu- 
lated and/or used by a base station (e.g., 12, 14) or mobile 
station (e.g., 16) to determine existing traffic channel con- 
ditions are: the transmission power level used in a previous 
interval; the Signal-to-Interference Ratio (SIR) of the 
received signal; the Euclidean distance that received pilot 
symbols (received by a mobile station) are away from their 
expected position in the received signal space or constella- 
tion; fading statistics for the channel involved; prior trans- 
mission power level increments; number of transmission 
paths in the channel and respective average power for each 
path; whether or not interference cancellation is in use at the 
receiving base station or mobile station; delay in the power 
control loop; priority of the received signal and subscriber 
grade; circuit- or packet-switched service (type of service); 
SOHO mode or non-SOHO mode (e.g., although presently 
not used, in SOHO mode considering factors for all units 
involved, considering length of time in SOHO mode, a 
mobile station could determine which base station is inef- 
fective in SOHO and set the power control request to that 
base station accordingly). As such, this list of channel 
condition factors that can be used for power control deci- 
sions is exemplary and not intended to be exhaustive. 

In preparing to make a transmission power control deci- 
sion for a subsequent transmission interval (e.g., once every 
1.25 ms interval on an IS-95 CDMA forward or reverse 
trafBc channel), a base station (12, 14) or mobile station (16) 
calculates for itself a transmission power setting (increase or 
decrease, and by what "amount/* or variable as described 
earlier) based on the weighted combination of some or all of 
the measured or calculated channel condition factors avail- 
able. In the preferred embodiment, the weighting factor used 
is based on the reliability of the measured or calculated 
channel condition factors. Also, the transmission power 
control decision made by a base station or mobile station can 
be advantageously used for a subsequent transmission power 
setting regardless of whether or not the base station or 
mobile station is operating in a SOHO mode. 

FIG. 2 is a flow diagram of an exemplary method 100 that 
can be used by a mobile station in a spread spectrum or 
CDMA communications system to implement the preferred 
embodiment of the present invention. Again, although the 
exemplary method illustrates how a mobile station can make 
a transmission power control decision in a SOHO mode, the 
invention is not so limited and can be applied in any mobile 
communications environment where mobile station or base 
station transmission power control decisions should be opti- 
mized. 

At step 104 of the exemplary transmission power control 
method, the mobile station (e.g., 16) reads in or deduces 
pertinent transmission power factor information from sig- 
nalling messages received on the forward traffic channel 
and/or downlink control channel. For this illustrative 
embodiment, this power factor information includes the 
number of transmission paths in the channel, number of base 
stations involved (e.g., two — 12 and 14 in a SOHO mode), 
the Euclidean distance of received pilot symbols from their 
expected positions, power control commands (symbols or 
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bits), and whether or not interference cancellation is being 
used at the base statioo(s) involved. At step 106, the mobile 
station stores this information in local memory as updates to 
similar information stored in prior intervals. 

At step 108, the mobile station assigns a weight to each 
power transmission factor updated at step 106. For this 
embodiment, each weight is assigned according to a per- 
ceived reliability for the respective power transmission 
factor. As such, the resulting weight for a given factor can be 
expressed as a percentage, with full weight expressed as 
100%, and no weight expressed as "zero". For example, the 
number of base stations involved 108b (e.g., 2) is reliable 
information for the mobile station, and can thus be given the 
full weight at 100% (likewise for the interference cancella- 
tion information 108*). On the other hand, the weight to be 
given to the number of transmission paths (108a) or pilot 
symbol positions (108c) would be based on less reliable 
information, and the weight thus assigned to each would be 
proportionately lower. As such, the actual weight to be 
assigned to any one factor could be determined based on 
design considerations for the specific communications sys- 
tem involved. 

At step 110, the mobile station combines the weight 
factors assigned at step 108. For example, a conventional 
neural network algorithm can be implemented by the mobile 
station's local processor to consider all of the weight factors 
and produce an overall power control decision parameter for 
the mobile station's next transmission interval. At the sim- 
plest level, the mobile station could algebraically combine 
the weight factors assigned at step 108 to produce a single 
number, which could then be used to select a power control 
factor from, for example, a look up table. At step 112, the 
mobile station stores the latest power control decision 
parameter produced at step 110 in local memory. Preferably, 
the same information is fed back as an input to the decision 
algorithm (110) and for each update performed at step 106, 
in order to bias each weight factor and thus improve the 
overall efficiency and accuracy of the decision process. At 
step 114, the mobile station generates and stores an internal 
power control command, which ultimately directs the 
mobile station's transmitter section to increase or decrease 
the transmission power level for the next interval and by 
what amount. In other words, since the transmission power 
control decision made at step 110 produces a number from 
within a broad range of numbers (e.g., 1-100), that number 
can be used as an absolute value to determine the transmis- 
sion power level setting for the next interval. 

The decision algorithm (110) shown in FIG. 2 can be 
implemented in a number of ways. For example, in one 
. embodiment, a majority decision can be used to determine 
whether a mobile station (e.g., 16) is to increase or decrease 
its transmission power level during a SOHO procedure. In 
other words, if two out of a total of three base stations 
involved in the SOHO procedure transmit an order for the 
mobile station to increase its transmission power level, in 
accordance with the decision algorithm 110, at step 114, the 
mobile station will increase its transmission power level by 
x dB (e.g., with the value of "x" determined by the combi- 
nation of weight factors 108 involved). Otherwise, the 
mobile station will decrease its transmission power level by 
y dB. 

In another exemplary embodiment, if all BSs (e.g., "m" 
BSs) order a mobile station (e.g., 16) to increase its trans- 
mission power level, in accordance with the decision algo- 
rithm 110, the mobile station will increase its transmission 
power level by x dB. Similarly, if all BSs order a decrease 
in transmission power, the mobile station will decrease its 
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transmission power level by y dB. However, if n base 
stations (out of the m total base stations) order the mobile 
station to decrease its transmission power level, while the 
other (m-n) base stations maintain their orders for the mobile 
5 station to increase its transmission power level, in accor- 
dance with the decision algorithm 110, the mobile station 
will set the amount of its increment to 

dB. Preferably, for this embodiment, this same procedure is 
applied by the decision algorithm 110 for each transmission 
interval. 

15 FIG. 3 is a schematic diagram of exemplary logic (200) 
that can be used to illustrate how the decision algorithm 110 
shown in FIG. 2 can be implemented by a processor in a 
mobile station (e.g., 16). Note that the present invention can 
also be implemented on the network side (e.g., in a base 

2Q station). For this embodiment, referring to FIGS. 2 and 3, a 
plurality of base stations (e.g., BSj-BS^) periodically trans- 
mit a power control command (e.g., symbol) on a forward 
traffic channel, which is intended to signal the receiving unit 
(mobile station) to increase or decrease its transmission 
power level. The intended mobile station detects the plural - 

25 ity of power control commands (201-202^). For each 
received power control command, the mobile station deter- 
mines (using a conventional detection technique) the prob- 
ability that the power control command was correctly 
detected (203-204^). For each detected power control 

30 command, the mobile station assigns a weight (e.g., based 
on one or more normalized factors 2 ° S ~ 206 N ). The mobile 
station then combines (e.g., algebraically adds) the weighted 
power control factors (208), and divides (210) the resulting 
value by the number of base stations involved. The mobile 

35 station uses the resulting power control factor to determine 
the transmission power level setting to be used for the next 
interval. 

FIG. 4 is a schematic diagram of exemplary logic (300) 
that can be used to illustrate how the decision algorithm 110 

40 shown in FIG. 2 can be implemented in a mobile station 
(e.g., 16), in accordance with a second embodiment of the 
present invention. For this embodiment, the logic 
(algorithm) 300 includes a first OR gate 302, a second OR 
gate 304, and a plurality of OR gates (3©6 1-m ). Each OR 

45 gate (302-306 m) includes a pair of input connections and an 
output connection. Each pair of input connections receives 
transmission power level command signals from a respec- 
tive base station. One connection, "T\ of each pair of input 
connections provides the previous transmission power level 

50 command signal received from the respective base station 
involved, while the second input connection of each pair 
provides the latest (present) transmission power level com- 
mand signal received from the respective base station 
involved. In other words, each OR gate takes into account 

55 two commands received from the respective base station 
involved, the present command and the previous command. 
As such, the output of each OR gate 302-306m is coupled 
to an input of an AND gate 308. Consequently, if both inputs 
to an OR gate 302-306 m have had command signals from 

60 the respective base station for a decrease in the mobile 
station's transmission power level, then the output signal 
from the AND gate 308 is a "0" (which is a power level 
"decrease** decision for the mobile station). On the other 
hand, if all the "m" base stations have ordered an increase 

65 (in a present or previous order), then the output of the AND 
gate 308 is a "1" (which is a power level increase decision 
for the mobile station). 
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Although a preferred embodiment of the method and 12. The method of claim 1, wherein the transmission 

apparatus of the present invention has been illustrated in the power control decision making process is performed using a 

accompanying Drawings and described in the foregoing neural network algorithm. 

Detailed Description, it will be understood that the invention 13* A system for making a transmission power control 

is not limited to the embodiment disclosed, but is capable of 5 decision in a mobile communications system, comprising: 

numerous rearrangements, modifications and substitutions a mobile station; and 

without departing from the spirit of the invention as set forth at least one base station coupled to said mobile station by 

and defined by the following claims. a radio unk » al least ? ne of said mobile station and said 

What is claimed is" a * * eas * one Dasc s^ 00 being configured to be operable 

1. A method for making a transmission power control 10 t0: 

decision in a mobile communications system, comprising rcocive a plurality of different types of traffic channel 

the steps of: condition factors; 

i r* c * * r * a= u i assign a weight to each of said plurality of different 

receiving a plurality of different types of traffic channel A c iT i ^ r * j • i- 

condition factors* types of channel condition factors, considering reli- 

* . ' . * a- 15 ability of each said traffic channel condition factor; 

assigning a weight to each of said plurality of traffic combine said plurality of traffic channel condition 

channel condiUon factors, considering reliability of factors into a weighted combination after said step of 

each said traffic channel condition factor; assigning said weights; and 

combining said plurality of traffic channel condition fac- make said transmission power control decision based 

tors into a weighted combination after said step of 2(J on sa id weighted combination, 

assigning said weights; and 14. The system of claim 13, wherein said weight is 

making said transmission power control decision based on assigned according to a reliability value between zero and a 

said weighted combination. hundred percent for each of said plurality of different types 

2. The method of claim 1 including the step of storing said of channel condition factors. 

plurality of different types of traffic channel condition 25 I 5 - Th e system of claim 14, wherein said mobile station 

factors, wherein said weight is assigned between zero and a is operating in a soft-haodoff mode, 

hundred percent according to a reliability value for each of 16. The system of claim 13, wherein said plurality of 

said plurality of different types of channel condition factors. different types of traffic channel condition factors includes a 

3. The method of claim 2, wherein the steps are performed transmission power level of a prior interval. 

by a mobile station operating in a soft-handoff mode. 30 17. The system of claim 13, wherein said plurality of 

4. The method of claim 1, wherein said plurality of different types of traffic channel condition factors includes a 
different types of traffic channel condition factors includes a detected power control symbol. 

transmission power level of a prior interval. 18. The system of claim 13, wherein said plurality of 

5. The method of claim 1, wherein said plurality of different types of traffic channel condition factors includes a 
different types of traffic channel condition factors includes a 35 signal-to-interference ratio for a received signal, 
detected power control symbol. 19. The system of claim 13, wherein said plurality of 

6. The method of claim 1, wherein said plurality of different types of traffic channel condition factors includes a 
different types of traffic channel condition factors includes a plurality of prior transmission power increment values, 
signal-to-interference ratio for a received signal. 20. The system of claim 13, wherein the transmission 

7. The method of claim 1, wherein said plurality of 40 power control decision is made at said mobile station, 
different types of traffic channel condition factors includes a 21. The system of claim 13, wherein the transmission 
plurality of prior transmission power increment values. power control decision is made at said at least one base 

8. The method of claim 1, wherein the transmission power station. 

control decision is made at a mobile station. 22. The system of claim 13, wherein said mobile com- 

9. The method of claim 1, wherein the transmission power 45 munications system comprises a CDMA system, 
control decision is made at a base station. 23. The system of claim 13, wherein said mobile station 

10. The method of claim 1, wherein said mobile commu- and said at least one base station are further operable to set 
nications system comprises a CDMA system. a transmission power level based on said transmission power 

11. The method of claim 1, further comprising the step of control decision, 
setting a transmission power level based on said transmis- 
sion power control decision. ***** 
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